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WELFARE DEPENDENCY AND LOW INCOME LABOR MARKETS: ABSTRACT 

' — by 



Michael J. Boskin. - - - r- ^ 

Two models of the duration of stay on, welfare are developed and estimated 
using panel data from the California AFDC panel survey. The first model 
characterizes the distribyJ:ion of lengt^ of stay on welfare as drawn from the 
lognormal distribution with a truncation at the duration of the experiment 
(sixty months). The second model analyzes the movements oir and off welfare, 
and duration of stay on welfare""as a Markov process, '* 

The raost important methodological finding of the study is that statistical 
procedures which fail to account for the special characteristics of the limited 
duration of observation and the piling Op of the density at the limit can be 
quite misleading, Indeed, several frequently used statistical procedures 
impart a siAstantial downward bias to the coefficient estimates. 

The major s^ojibstantive findings are that the popular notion of the welfare 
population as .more or less permanently (entrenched on welfare is erroneous 
(an enormoxjs turnover accompanied by a modest average length of stay on 
welfare is nrore accurate) ; that persons facing a wage below the minimum 
, wage are much less likely to leave welfare, much more likely to return, 
stay off welfarjB for shorter periods, stay on welfare for longer periods, 
and are much more likely to be on welfare in the steady state than those 
facing wages above the minimum. Persons with Iqw non-wage income or high 
expected unemployme nt respond similarly to those with low wages. 
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REGBESSION ANALYSIS WHEN THE DEPENDENT VARIABLE IS 
TRUNCATED LOGNORMAL, WITH AN APPLICATION TO THE 

DETERMINANTS OF THE DURATION OF WELFARE DEPENDENCY _ 

-by . 



Ttteshir THemiya andHicnaex Boskin"^ 



1. Introduction 

The purpose of the present paper is two- fold: to present arl 
estimation technique which may be useful in a variety of econometric 
studies and to app^ J.t to a new boc^ of data in order to gain some 
insight into the determinants of the duration of ;welfare dependency. 

The former is motivated by two considerations with respect to 
the distribution of the dependent variable. First, many variables must 
be non-negative to have ery economic' meaning. For exaii?)le, theoretical 
considerations -preclude negative consumption. Second, theoretical 
considerations and/or the method in which the data are collected may 
truncate the distribution. The first of these considerations may lead 
to the regression with the lognormal distribution developed by Amendya [31; 
the last may lead to the coniblnatlon of probit and regression analysis ' 



The authors wish to thank Robert E. Hall for helpful comments, Ihomafl 
Moore and Frederick Nold for computational assistance and the Office of 
Research of the California Department of. Social Welfare for providing the 
data. The reseetrch for the first author was stgpported by National Science 
Foundation Grant GS-2635 at the Institute for Mathematical Studies in the 
Social Sciences at Stanford University. The second author was stqpported 
by US Department, of Labor, Manpower Administration, Grant Ko. 51-06-73-06* 
at Stanford University. The authors are indebted to Jon Peck and Dennis 
J. Aigner for calling their attention to errors in equations (2.11) and 
(2.11i) in the eetrlier version of the paper and to the referee for his valu- 
able comments which resulted in a considerable inqprovement bf the paqper. ■ 
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developed by Tobin [lO], .When both considerations ai*e relevant sioul-^ 

taneously, the lognormaLl anadog of Tobit analysis, or the tnmcated 

lognormal models is an « rinAMHng_ prior specification. . 

For exaii?)le, consider k study of the determinants- of the duration 

• of velfare dependency using data from a five-year survey of welfar* reci- 

•pients» The , dependent variable in such X relationship , the dumber of 

months- during the five-yeeu: period the household received welfcure,- 

2 

must be positive and has an vopper limit of sixty ► In addition, there 
is reason to suspect both a positively skewed distribution and a piling 
wp of the density at the yxpper limit ► Ordineoy least squares takes none 
of these considerations into account; Tobit analysis can be easily modi- 
fied to account for both the lover and vipper truncation,^ but caxmot account 
for the skewness of the distribution/ 

To be sure, the lognormal distribution is riot the only possible 
means to take account of the non-negative and skewed dependent variable. 
Bxit 'we have use4 the lognormal, 4istrlbution because it has been exten- 
si'vely and successfully used to represent non-negative skewed random 
'variables in many fields of application, including economics* For a ^od 
discussion df- these applications the reader may consult Aitchison and 
Brown Another l^satur^ of the logriormal distribution, which is — 

2 ^ • . . . ■ 

We conceive of this relationship as imbedded in a larger model which 

also explains the probability of being on well^ire. Since data is avail- 
able only f9r welfare families, we cannot estimate such a relationship. 
'Our results therefore may be interpreted bb estimating a relationship 
determining the duration of \^elfare dependenty^ c6nditional upon being on 
welfare* See.Boskin [6] for a dlsbtassion of this situation in the an:ar. 
logous case of rnaxiet .labqr; stqpply ► • ' . ' 
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intuitively attractive, is that its variance is proportional to the 
square of its — Sb»^ gansna distribution has a siadlar 8hf5>e to ' 
iognormal and As the sane feature regarding thu vmHunr^^ y^M^ xt^ y ymy^ 



not used it because the truncated^gaaana-distlribution is coayutatioSally 



much yjore cunberaome than the truncated Iognormal. 

Turning now to bur second purpose, an empirical study of vel- 
"are recipients, we note the large number of conflicting hypotheses * 
about the behavior of welfare recipients and explanations of the rapid 
incr^a§^n welfare rolls. Most of these can be reduced to estimates 
oA the reJiEP^se of welfare recipients to the changes in their budget 
constraint caused by the welfare system. Welfare induces two changes 
in the budget constraint facing recipients: it guarantees a certain ^ 
income at the zero earnings level and it- taxes earnings by reducing 
the welfare payment a fraction of a dollar for each dollar earned. 
That is, welfare imposes the usual income and wage effects on the work- 
leisure choice. We present below estiiftates of, and tests of hypotheses 
about, the economic and demographic variables affecting the"dura- 
tion of welfare dependency. ' 

Section 2 presents the truncated Iognormal regression model 
together with the likelihood function and its first- ,and. second- 

■r 

order derivatives. 

Section 3 discusses the iterative procedure used to calculate 
the maxinnan likelihood estimates, the asymptotic distribution of the 
estimator, and the problem of an appropriate initial estimator. 
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- Section U describes the data, and the--defi-nition, and genera-* 

tion-,~of~4he-^v^i-able8 used in the empirical -part-of the study, 

~:SectiiDni5^jfre^^ 
importa nt, andjn some ways surprising, findings about welfare reci^^ 



pients. We present estimates of, and formal tests of hypotheses about, 
the determinants of the duration of welfare dependency. We also pre- 
sent a comparison of the otimates from our truncated lognormal procedure 
with the resiats from ordinary least squaires and Tobit estimation. 
Section 6 offers a brief summary and conclusion. 

2. The Model and the Maximum' Likelihood Estimates 

Wej first define a sequence of lognormal random variables, {y*}, 

t 

and then define y^ as a random variable obtained by tnmcating y* 
at a certain value. We define {y*} as follows: - 

(2.1) {y*} is independent lognormal with Eyf « 0*x. and 

" \ u t I 

Vy» « n^(0'x^)^, t « 1,2... . ,T , 

' where x. is a K-component vector of known constants, S is a K- 

2 

component vector of unknown piirameters , and n is a scalar unknown 
parameter. We aasume that fi'x^ > 0 for all t. Equiralently , we have 

-2 

(2.2) {log y*} is independent normal with Elog y* ■ log - ^ 
and Vlog y*(^8' o^) ■ log (l+n^) . , 



-5- 



Next we define y . . as 



• (2.3) 



if. yf < a 



-a — it — y» > o- 



whei-e a isV aJknown poaitlve congtant. - 



j/ Our Btatistical problem is the estimation of a (K+D-congjonellt 
vector of unknown parameters, (0', n^), or equivalently , (a*,*^,^) on 
the basis of the observations y^^, yg,- . . , y^. We w^ll considei* the 
estimation of (g*, a ) for the sake ^of mathenatlcal convenience • We 
choose^the maximum aiielihood method of estimation. 

Let be the set of* t for which y . * a and be that 
for which y^' < a. Then, the likelihood function of y^, Xg,***! y^ 
is^ given by 



{2.U) L « nP[y» > a] • Hg^^^) . 



where g^. is the loignormal density given by 



/ X / X iff (l^e yt'^og 0'x> |-) 



and n is the product \5ver t € s and 11 i 



% ove^ 



t 6 Sg. We 



note that 



'2 

(2.6) P[y» > a] - P[log y» > log a] - F(-log a + log »*xl - ^) , 

^ t 2 



In our caa? a is obviously a known constant. .However, in some ' 
other applications it may be more, appropriate to assume a to be an ' 
unknown parameter to be estimated. This would be aa lamort'ant model 
to consider but is beyond the scope of the present' pi^>er. 
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where F is the distribution function of N(0, o ). Therefore, the 
log likelihood function it, aside from constaott. 



(^:7) log L - j:iog F - i ^log 0^ - y 

■ ' / 

vhere.ve use the abbrevietions 



^2 

(2.8) F(y^) » F(>log a ♦ log B 'x^ - ~) ,^ ^ 



and » ' 

t • 

* . ' -2 
(2.9) = log y^ -,log 6"x^ + |- . 



/ # The maxiaua likelihood equations are obtained by equating the 
partial derivatives of. (2.7) with respect to 0 and o to 0 as' 



follows: ife have 



wh<«re f. » f()i+,) is the density of. Mo, ct ) evaluated at P^.ifcnd 



/« aiog L _l«v!ift 1 y2 Irjt^J^.y^ =0 

(2.11) —To — = - i -7—, 2 ^i- t'^i-F^ 2> t 

where T ie the number of elements in Sg. The maximum likelihood 
— rstiraateToT e and ' are defined as the roots of (2.10) and (2.11). 
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The solution of (2.x6) and (iMl) must be obtained by an iterative 
procedure, which we will expledn in the next section. 

We will need the following second-order dfsrivatives both in the 
iterative procedure and in obtsdning the asyntptotic variance-covariance 
matrix of the maximum liljelihQod estimates. We have 



(2.12) 



(2.13) ■ i^-.^l^-^^^L^^ 

30^36 2a^ 1 • F^B'x^ 2a 2 ^ \ 



and 



3(o ) Ua 1 a 

T T 

— V 2 ^ 1 r 1 r 2 

2o ko o 2 a • 2 



3. The Iterative Procedure 

Let 0 =-(6', o Then, the well-known Iterative procedure 

c 

called the Nevton-Raphson method is defined aa follows; given an 
initial 'eatimate e^^, we define " by 



j3.l) 62*^1" 



•"a^iog L(e^)T'^ 3iog L(e^) 
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After obtaining Og, one iterates again to obtain 6^, continuing the. 
process until 6^ converges within the prescribed bounds, 

i Let 8 be the estimate obtained by the above procedure, Ihen, 
clearly, 9 is a root of equations (2,10) and (2.11). Ifafortunately , how 
ever, there is no assurance that 6 will correspond to the root for 
which log ^ attains the ^obal maximim since (2,10) and (2,11) are 
hi^ly nonlinear and therefore very likely to have multiple roots. We 
have not been ablg^to obtain a useful set of conditions on the. initial 
estimate for the iteration to converge to such a root. We oi^t add that 
it is extremely difficult to obtain a practically «verifi able set of condi 
tions for the ^convergence of an iterative procedure in nonlinear models- . 
in general and consequently there are few such results in^the lite3rature^^^ 
For general discussions of iterative procedures, the reader^ is ref^rr^e^ , 
to Jacoby, Kowalik, and Pizzo [$] and Goldfeld and Quandt [7]- / 

If a consistent estiiaator were available as the starting ^v^ue of 
the iteration, the convergence to the global maximum likelihood esiiinator 
would be more readily attained. However, we have not been able, to find i 
a practical consistent estimator for our model. Amemiya [2] proposed a ^ 
sin5)le consistent estimator for the trun<?ate4 .^9^^ regression ttodel , 
but his estimator does not extend to the truncltted lognormal model, 

Qiven these clrcumstacices, the best strategy seems to be to try a 
few different starting values. If they all converge to the ssna: value 
aad if aoreover that valtie is a reasonable one in view of o\u^. .a priori 
knowledge, ve can get some assurance that the value obtained is Indsed 
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V the glol)ftl maxiTmm^iikelilxood eatlmator.i Bi.the eu^^irical xesiilts 

• ^ • ^- • >^ ' . , ' , 

dlscifflsed to; Sgct^pn 5 ve have used the ordinary least .squares^ the 
*' :< ; _%{<^Lgl>Wd lea^t squares, and* a certain artitraiy values as' the starting; . 



^y.alue\oi^ the iteration, and all of them have produced the 3ame reasonable 



' */. The ordinary least sqxiares j<wtiinatdr,pf B.- 'in th^v regression of 



yi' 'on X. usinjj only those ^iaervatipns- f'or vhieh*' -y./5 a is define.d 



as 



(5.2) 



(The correspbnding'^'initial efctiiator of', b • \ is *gl,vdn iJy ' . 
(3.3) , • ^ ' qf.^ ^log {1^" * nO ^ > . * . 



1 



Where 



.(3.-4) 



2 ^'1 ^ ^t^I t 



t t ; 
i 



* ;• The, 'jformula' iS^k) is suggesied^by' an-inspection ;of ,-(2.1). Qhe v«flgjited,, 
l^Mt 8q,uares etftiBa^or.of 0 is defined as . * 



C3.5). 



^ ■ r 1 ' ' - T* ' i ' , . ■* - 
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-v' ' ^Thi]cqrjres]^dUCn«;66^ of^^i) . must be iflodifled.a^^rdifigiy \»ir>« • - 

* ' Vi<^)*\ Hk^e ep^l^mit^ are neither «ifti|u^ nor cojis^iattent. ^ , ^ : - • ^'^z,,, ^ 



indeed the raluel df ' J9 \tjiat' globally ma:?l5i iter?.: the lik^MOod 'lltt^c^' A . 
,tion» Then i)^e cenA^xpect ttijit under reasonable conditto3|™||^/iS';. ; . V*'^ 
. c6n8i»tent and^ asy^totically norpal vith 4;he ^aayjoptotlc ^^M^ "^"'-V"^ ' 

.covarlancjs mat^x approxiiBate.d by * ' . ' .-/'V ' ■ ' 
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.... ^ • w » • *'i • 

, . " « . * . ' * \ " » 



/Aaeiniya.. [2]' proved the cptosistency and the a^yagptotic liormility 'j>fA*lic v 
V . , ' laaxLimim'iikellbooSl eatimator for the truncated nonnaj. regr^amion -pfe^l. t .> * 
./^Because of a clqge, al^i'ari-^ between the log likellbood*func*iop8;^of ' the • '"'^ ' 
' i^o japdels; the^jifane can be^proved for -our model by ^foliowihg p^h a^ep . ^' - 
of f Amdldy a'^sir piwiW cloaely. \!Hius, a hypothesia about 0 can be teated 



i^ing^a aayiqptotlc normal dlatrlbut'lon* \ 



' ^ ' A hypothesia about 0 me^^ be also tested by baaing t^e 3,i3relil^qod 

rdtio test. Let' the null hypothesis be g^(e) « p, i = 1,2,/*. ^UK. ^ Then, 
\ ^ * 7 as ia veil todvn', ' * ' ' / \ • " " 

r . • ^ s.up L(e) ^ * . ' ' * V 

- 2iog||^ ; '/ ' ^. , / 



For mo're discussion of regz*eaaion yith t|ie logncrmal dependent velriable, 
see Ajijemlya [3].' « . • ' ' ^ 
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ia aaynptotically distributed «8 x with the degrees of freedom 
eqixal to- K, the'iixn±)er of restrictions. 



As one can see from (3.1), the iteratiire procediire requires -fhe 
evaluation of the 'first-order and seoond-order partial derivatives 
. given in ,(§.10) - (2.lU). for conputational pxirpoees it will be conve- 
. '''nient to make the folloving siibstitutions in theae equations: 



'ii(viere' <i Bnd are the distribution and density functions respec- 

' ,tivei}!-.6f th^' «8ttodard normal variate. The ordinate of ^ is calculated 

• ^' ' ' 

^ by^fflfeantf of expansion,. ' 

' ^. ' : 

* 1» " is ,i>0S9ib],e that in early stages of iteration B*x mqy become 

nu J 

^ negatl'Ve fo:;" sane t, Then, , log .p^oc cannot be defined. To avoid this 

• • ' ^ n X ' 

difficulty ,'ve will arbitirarily put log e^x^ = 0 whenever g^x^ is 

negative../ This prpcedure did not ca\ise ..a serious problem in our. empirical 

' exaii?>le dis-cussed in the? following sections because we had &^x^ > 0 

^f or* all t for n * larger than a certain finite integer -n^. For, then, 

V we can pretend as- thou^-we started the iteration with 0 so that the 

o , 

subsequent iteratidn is exactly the Newton-Rcqphson.' 



U. ITie Data _ 

The data used in this study are survey data from the State of 
California AFDC five-year survey. The data follow individual house- 
holds ovezi|'the period 1965-70. The data include information on the 
total time on welfare, recidivism, and characteristics of household 
members such as age, race, sex, education, work experience, health, 
income by source, assets, and amount of aid. The data cover 658 
households, Wid are parTiciaarly important as one of the few examples 
of data on individuals over time. These families all caiae on welfare 

In the first month of the study. 

The variable^ used in the empirical study include: 

-TOAT^tlme on aid, the total number of months during the five- 
year period during which the household received payments under AFDC. 
This is the dependent vauriable of the model and we assume it to be 
statistically independent among individuals given the values of the 
independent variables. Of course, this variable can only take on 
values between one and sixty. 

W, the expected hourly market wage facing the household head. 
This wage is imputed on the basis of a hedonic regression of wages on 
personal charewteristics from the I967 Survey of Economic Opportunity, 
and adjusted for the employee component of the payroll tax and the 
individual incone tax. The procedure was developed by Hall [8] and is 
also discussed in Boskin [5]» 
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U, the expected duration (in weeks) of *unenq?loyinent facing the 
head of the household. This is imputjed in a manner analogous to W, 
and was £l1so developed by Hall. 

- NWY, non-wage income, enconqpasses income from sources other than 
earnings, including inputed income (at \2%) to consumer durables. 

A, a dummy variable taking the value cn§ when the head of the 
household is twenty-five years old or under as of the start of the sxirvey 

H, a dummy variable taking the value one when the head of the 
household reported that an adverse health condition affected en5)loy- 
ability aa of the start of the survey. 

PS, a duiany variable taking the value one if a child of pre- 
school age, five years old or under, was present in the household 

^ ' 5 

for at least three of the five years of the study. 

5» Eaipirical Results 

0\ir empirical results reveal some interesting insights into 
welfare dependency, as well as methodological points of interest. 
A first point of interest is that, only 113 of the 658 households yere 
on APDC for the entire period. This amounts to Just seventeen percent 
of the sample. In 1970> '^JJust 213 of the 658 > or Just thirty-two per- 
cent, were receiving AFDC payments despite a serious deterioration in 
employment prospects over the five-yeau* period. Just under thirty per- 
cent of the households came back on welfare aft^r havlnc been off aid 

^ Of course > a Tszy small nuii}er of families without a child of pre** 
school ag6 at tkig^'Start of the survey may have had children bom during 
this period. Mo lofdmatioa is avalleble on this gtuastioai it is 
assumed no sudi births occurred. 



at leaist once. These data suggest a continuous turnover of the welfare 
population rather than the familiar stereotype of a permanently entrenched 
welfare 'population, A very leurge number of cases show up on the wel- 
fare rolls only for a brief period of time (almost half the sample 
was on aid for no more than one year). What then are the factors in- 
fluencing the duration of welfare dependency?^ 

We start out by presenting our results inclusive of all variables 
described above. The wage, unemployment ajid non-wage income variables 

describe the economic constraints racin/3 the welTare recipient in the 
7 

labor market. The health, age and pre-school child represent demo- 
graphic factors which may tend to keep the head of the household from 
, working . # 

Table 1 presents the results backed on our truncated lognormed 
regression model. Overall, the equation does quite well, the standard 
error being less than one-tenth of the mean of the left-hand variable. 
However^i; four of the individual coefficients, those for HWT, H, 
PS, and A are both quite small and, given this» not measured precisely 
enough to be considered different from zero. That is, in each case, 
ve accept. the hypothesis, on the basis ^f the t-test inrpllcit in (3.2), 

We repeat the proviso of footnote 2. 

7 ■ ^ 

It should be pointed out that a smalj^gpercentage of welfare reci- 
pients earned a modest amount while on welfare. That is , a minol- 
fraction of the adjustzoent to the eqtdlibrium quantity of labor sugpply 
took place while on welfare. The vast majority, however, took place 
by moving on and off the welfare-roll»4-given the hi^ inqplicit tax 
on earnings under APDC (see Barr and Hall [U]), this is perfectly 
rational. 
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that the coefficient eaualt tero. As noted above, we nay bIbo employ 
a likelihood ratio test to test (aore powerfully) the coaposite hypo- 
thesis that all four coefficients equal zero. The statistic -2 An X, 
where A is the ratio of the TnaviTBun of the likelihood function over 

the restricted to the unrestricted parameter space, is distributed as 

2 

Xj^f where K is the ntunber of restrictions. In our case we hare fo\ir 
degrees of freedom. The restricted natimum is generated by, the regres- 
sion reported in Tea>le 2. We note that -2 £n X is 5.2, Vhich 
i« half the critical value of the xf at the 3% level. We 

thus find no evidence for age, health, pre-achool children, or noa*wage 
income influencing the duration of welfaare dependency. Ihe coefficient 
on the expected duration of uneii5>lcyaent , U, suggests a modest increase 
in the expected time on welfare. as e3Q)ected iuntaploya^rit rises; the 
Implied elasticity, calculated at median valtias is sboxit three-fourths. 

The results reported in Tsbles 2 and 3 also re'flexjt the Aollin- 

J, ' 1 

earity of the constant tern ind the other dunmy variables, especially • 
PS. When these are dropped from the estimation equation, the estimated 
coefficient for the constant 'rises substantially. 



Table 1 

~ • - J- 

Truncated Lognormal Regression: Dependent Variable; TOA 



Coefficient 
1*8.19 

. 0.02x10"*^ 
5.93 



Variable ' 

•W;- ." ' 
■ NWY . ' . 

« 

H 

PS 

- A . 

8^. « 2.19 . . ^ 

\ - ■ 

convergence' achieved arfter fifteenth, iterafcioi! . 

g?able 2 , • 
Truncated Lognormal Regression: Dependent Varlahle: TOA 



- 3.71 
■6.tl 



Standard Error 
"^0.6 
6.06 

O.IOXIO"^^". 
2.86 ■ .. 
. .'' 8.60- 
^3.09 • 
6.T5' 



Variable ■ 
»'s^ -2.12 



Coefficient 

'^1 

62.00 

"vi6;90 
5.73 



Standard jBrror 
'12.91 ^. 
5.32 

■ 2-.8i5 ■ 



convergence achiere* after fifteenth iteratioij 
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Table 3 

Alternative Specifications of the' Regression of TOA on W 




Variable Coefficient Standard Error 
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A. Truncated lognormal: 



- 2-17 



C 78.67 
W -19.92 



B. Tobiti (with the 

. imper tnmcation) C U5.IO ^•86 

W -10-26 3-08 

s^, = 1-81 

C. Ordinary Least Squares: 
(non~limit 

* .observations) C 25-27 2-91 

W - U,38 1.53 

, 3^ » 0.66 

Our major substantive conclusion is that expected market wage 
rates do exert an important influence on the duration of time on aid, 
* As expected wage rates rise, time on aid falls off sharply. The wage 
elasticity, evaluated at the median wage and time on aid, is over unity. 
The interpretation of this result is not difficult. The implied wa«e 
elasticity of labor supply suggests that higher-wage recipients remain 
on aid for a shorter time as part of a long-run adjtistment of labor 
supply. The lower the Vage, of course, the more likely it is that 
remaining on welfare is the income-maximizing strategy. Our results 
suggest that the way to induce AFDC heads of households to work in the 
market^ls to raise their expected wage, for example by a wage subsidy 
or Negative pay^^oll tax. 





We leave aside the qusstion of whether, or when, this is desirable 
social policy.. ^ , 
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We also find a modest effect of expected men5>loyinent on wel- 
fare dependency. 

Finally, it*is instructive to comptre the estimates of the wage 

elasticity of the duration of welfare dependency derived from different 

9 

estimation procedures. Regression results are reported in Table 3 and 
thp vage elasticities derived in Table k. The point estiiaates differ 
markedly, the ordinaxy least squares estimate being about one-quarter, 
and the Tobit estimate about one-half, of the truncated lognormal estimate 
Three regressions are graphed in Figure 1/ Tb0y shew that both OLS and 
Tobit underestimate the expected value of TOA over the relevant range 
of W. That MS lasing only non-linit observations underestimates the 
ejqpected value of TOA can be rigorously explained as follows: We have ^ 

o 

. ' to 

where g^ and are defined in (2.5) and (2.8) respectively. But, 
using the sitostltution z ■ log y to evaluate the integral » the rif^it- 

hand side of (5.1) can b,© shown to be equal to 

> 

F(log a-log B%- |-) 
. ^^-e'x, . 

F(log »-10g f-)' . 

^ The Tobit and ordinary leaat aqxiares regressions on the full set of 
varietbles each yielded virtually identical estimates of the wage coeffi- 
cient as those reported in Table 3. 



ERIC 



assumes normal when it is tmly lognormal, one vill underestimate^ 
Pty* > 9^]* '^^^ means Tdbit vill attach too litt;Le Vei^t to the 
information contained in th^ observations at a and top much vei^t ^ 

to that contained in the observaticos below o. Hence the res\xlt ve 

* •> * * ft 

wanted to explain. , , , » 

. 6. Conclusion 

We have presented an estiination technique which may *e valuable 

in econometric studies when the dependent variable satisfies certain 

1 

crijieria and^^pplied it to an empirical problem which is not without ^ 
interest itself. 

Our major subBtantive conclusion is that the vage elasticity of 
the duration of welfare dependency is probably in the neighborhood of 
unity. This result lends strong support to those who advocate a pro-, 
gram which increases the expected market wage of potential welfare 
recipients as a method of inducing participation in maricet work. 

In addition, a compwison with ordinary least squares and 
Tobit estimation suggests that when the dependent variable. must 
be non-negative, yet has an upper limit (as is natural in st^Aies ' 
of the allocation of time), the data tend ^o 'flatten out the regres- 
sion line when estimated by these methods in order to account for 
such phenomena. 
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A MARKOV MODEL OF TURNOVER IN AID-OjO-FAMILI^S 
WITH DEPENDENT CHILDREN* 

by 

Michael J. Boskin and Frederick C. Nold** 

1. ' Introduction 

Among the many badly mistaken popularly held views about welfare, 
especially Aid-To- Families-Vith-Dependent Children (AFDC), is the view 
that the population of recipients is more or less permanently entrenched 
in a welfare dependency status. We shall present, and analyze, data 
which suggest that nothing could be further from the truth. There •is an 
enormous turnover in the welfare population: new families come on welfare 
and go off , continuously; most families stay on welfare for periods of 
far shorter duration thatn is conmonly supposed; and finetlly, there is a i 
substantial ©mount of intermittent recidivism. This paper will te devoted 
to a study of this tximover in AFDC- 

Aside from enabling us to dispel an incorrect popular view of 
AFDC, a study of turnover has important implications for economic policy ' 
and its administration. There are important social costs and benefits 

*This paper ^represents a revised version of Memorandum No. 150 of tHe Ceh- 
ter-for Researcb ii> Economic Growth, Stanfoi:d University, 1973. 

*«The authors wish to thank Takeshi Amemiya and T. W. Anderson for valu- 
able advice, Leonard C&rlson for research assistance and Thomas Moore for * 
computational assistance. The authors were supported, respectively, by 
U.S. Department of Labor, Manpower Administration, Grant No. 51-06-73-06 
and by National Science Foundation Grant GS- 39906 at the Institute for 
Mathematical Studies in the Social Sciences, Stanford University. The 
authors wish to thank the Manpower Administration and NSF for this 
support. ' 
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associated with the turnover in the recipient population even wfien com- 

' » * * 

pared to* a situatioii with little turnover but the same number of 

family-months on AFDC,. First, and probably most obvious, the substem- 

tially higher cost of administering a program with substantial turnover. 

Less obvious, but possibly more important, are the costs and benefits to 

society associated with the frequent turnover in "the allocation of work 

between home and market (see Becker {1965]) implied by the "turnover in 

AFDC, Benefits associated with such turnover include the efficient \zse 

or time in Job search (see Phelps, et, al, [1970]) and other types of 

human capital eictivities. Costs include the imputed time costs to the 

mother in moving from one use of" her endowment of time to ario"|iher and 

the necessity of continuously reacquiring specific human capital on each 

job. These factors should weigh heavily in any policy decisions likely 

to affect turnover (see the essay by Harberger [ipTlb] for a discussion 

of the basic principles). 

^ ' There is also a duality between turnover and duration of time on 
welfare. After all, a family accumulates time on welfare only by comirig 
on and (for some .number of periods ) ^ fdiling to go off again. TKus, we 
gather information about duration on'jand'off) welfare hy aijalyzi4;ig^ 
turnover .'H' There ar6, of- course, important benefits and cbits asso- 
ciated with changea in the duration of time on welfare. ' If we induce . 
welfare recipients out of work in the home into work in the market, the" 
.social opportunity cost is not, as is implicitly argued by some, zero. 
'After one accounts for a variety of special circumsl^ances (see the 

* • • 
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discussion in Harberger > [1971a] ) , the relevant social opportunity cost , 
is the , prevailing wage rate (or the minimum wage) or Something very . 
close to it. The value of- the time spent by AFDC mothers working in . 
the home (raising and caring for their children, for example) should ^ 

IS 

not be ignored in such policy decisions. 

In the present paper, we present and analyze quasi-longitudinal r 
data on welfare families. In doing so 'we hope 't<> provide a more accu- 
rate description of the AFDC population than is currently available, 
develop a statistical technique for analyzing welfare turnover tod, * 
duration, and provide^ some empirical estimates Of the economici -determi--. 
naiits of welfare dependency and turnover which will provide Some insight 
i^to the behavior of the welfare populatiran and some potential input 
into intelligent '.policy .in this area. 

Toward this end. Section 2 presents a two-state (on or off 
welfare)* Markov model of welfare turnover; Section 3 describes ^ the' 
datd'used in the empirical anlaysis; Section U reports 'tjie^ empirical . 
results of the study, of welfare turnover; Section 5 .offers a" brief . 
conclusion^, and the Appendix develops the maximum likelihood estimators 
of our model, together with their distributions, ^ • 

2, A Two State Markov Chain Model of Welfar e Dependency 

We shall adopt the model that the movements pf individual s,^^ 
^ s = 1,...,S, between state 1,. on welfare, and state 2, -o'ff welfare, are 
stochastic atfd governed by the following probabili^^e^,: ^ ' \ , 



individual s moves from state 1 at time tl 

Pr{ . 

Ito state 2 at time t+1 J 

[individiial s' moves from state 2 at time t] 
Ito s.tate 1 at time t+1 J 

Hote that we have implicitly introduced foiir distinct assunilotions : 

(i) the probabiirties of transitions between the states are independent 

.of time;^ (ii,)' the transition probabilities are not dependent upon 

3/ 

wljich states were occupied before t;— (iii) t is taken to be dis- 

k/ 

6rete; (iv) only one movement c^ui occur in a unit of time*— These 

assumptions lead us to adopt the following convention: just after the 

beginhing of each time t)eriod a Bernoulli trial is conducted in which ^ 

the probability o'f transition is detemined by th€~ st"ate the individ\ial 
« 

occupies ► T&e outcome of that trial determines the state the individual 



will occupy until the beginning of the next period, at which time another 
trial is performed ► 

We must-'now take cognizance of our peurticular initial conditions ► 
As we shall indicate below, a person become part of the survey we use by 
entering state 1 In the first month of the sample period ► For reasons 
of mathematical convenience, we shall label the starting point of the 

siirvey t = Then, at the beglmiing of-^-he-nex^-peHrO d, t - 0» e a ^ — 

* 

individual is in state 1. Let P^(t) be the probability that individual 

s occupiers state 1 at time, t; i = 1,2, for all t. We have 

P^(0) = 1,- s = i,...,S and ,P^(t) •+ T^it) = 1, for all t. Individual 

m 
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s caa be in _state i at time t+1, t > 0 in one of -two ways: 
he could have entered state i on or before time t and remained there , 
or he covdd have just entered state i from state j, i j. Hence, 
we have ftr t > 0 

P^(t+1) = (1-a )P^(t) + e Pp(t) , 

1 ^ S J. S ^ — 

P^(t+l) = a^P^(t) + (l-eg)P2(t) . . " 

Using the initial conditions, these difference equations can be solved 
tiniquely yielding: 



s s 



Po(t) - -eJ*] . t.> 0 



•2' ' a +e ' s s 

s s 



We need these probabilities in the Appendix to calculate 
the expected values of several random variables. However, they can 
also help us answer a question in this section: the expected percentage 
of a time period of length T "individual ' s will spend off welfare- 
Let TgCt) be the amount of_±ime s spends off welfare up to time t 
and define ATgltf^ T2(t) - T^it-l) . Then, 

P {ATj(t) = 1} = a P^Ct-1) + (l^6g)P2(t-l) . 
T 2 si ^ 
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Using the probabilities derived above we obtain 



^tJ(t) = I [a p^(t-i) + (i-e^)p|(t-i)] 

t=l 

a a„(a^+6 -l) m 



"(T-l) + ^ ^ % [1 - (1-ct -6 • 



S 3 



For large T, the expected percentage of time s is off vel-'' 



fare is approximately ct^/(a +3 ). 

s s s 

Note that 



lim P^(T) = lim -|— = ^ 

1^00 1^00 s S 



lim (T) = lim — = — 

T->«o ^ . s s 



Another question concerns the expected duration of a stay in 

a state. Once the individual is in state i, the probabilities of his 

making a transition are fixed and the duration of his stay follows the 

geometric distribution. Fbr example, s*uppose individual s has just 

entered state 1-^d let Y denote the duration of stay of individual 

s 

s in that state. Then 



Pr{Y^ = t}=a3a-a3)*-^ . 

—1 ' -2 

The mean and variance of Y are a" and (l*a^)a , respectively. 

s s s s 
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Hote that for small a the mean and standard deviation of. Y • have 

s ♦ . ° 

approximately the same value. 

Finally, we cxe interested in studying turnover. In the context 

of this model, turnover means a transition between states. Using 

methods similar ta those employed above, we can establish that the 

expected number of times individual s leaves welfare is approximately 

b B /(a +6 )]T, for large T> where T is the length V time, period 
s s s s 

we are considering. 

The model may be summarized as follows. Once we know an indivi- 
dual's a and g we can obtain the distributions of the random 
variables which can be ^sed to char^erize the individual's welfare 
dependency. We have shown ^hat ^3q^ee%ed-dur at ion, e3q)ected transitions 
end expected proportion of time in each state are simple functions of 

a and 3 . It should be noted that if and * 6^ are increased by 

s s . s » - ^ 

equal proportional amounts, the expected number of transitions increases 
by approximately that amount, but the expected proportion of time in the 
states, which is a function of the relative magnitudes of and 3^, 

remains unchanged* 

- We shall assume that the probabilities of the, transitions for 
each individual are functions of that individual's socioeconomic charac- 
teristics,-^ and we adopt the logistic functional form for this dependenc 

~ exp(e'X ) 

s l+exp(e'X ) s " 



and 
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exp(r'Z ) 

= l^exp(r'Z ) = ^(^'"s^ ' s=l....,S . 

S * 



where X and Z are, respectively, K^l and pxi vectors of exo- 
s s 

genous variables which mea3ure the socioeconomic characteristics of 
individual s, 0 and T are Kxl and- Pxl vectors of unknown para- 
meters, and S is the total nxmber of individuals in the sample. 

We estimate 0 and F in our logistic regressj^on model with 
a maximum"* likelihood procedure described in. detail 4n tlie Appendix, 
Before .proceeding to discuss the results, of this^^^imation, we turn 
to a discussion of the data which, we shall see, played a major role 
in determining the way we modelled our problem, 

3. The Data 

The data vised in this study are survey data from the State of 
California AFDC five-year survey. The data follow individual house- 
holds over the period 1965-70 .and include information on the total time 
on welfare, recidivism, and characteristics of household members such as 
age, race, sex, education, work experience, health, income by source, 
asseta, and amount of aid. The data cover kkO households, and are 
particularly important as one of the few examples of data on individuals ^ 
over time,-^ These families all came on welfare in the first month of 
the study. In the data described b&low, we treat each month of the sur- 
vey as a potential transition* 
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The variables used in the empirical study include: 
>• * 

number of times the individual remdined on welfare 

over the sample period. 
T22» tlie number of times the individual remained off welfare 

over the sample period. * 
T^2» number of times the individual went off welfeure during 

the five years of the study. 
Tg^, the number^ of times t lie. individual came on welfare. 

^ T , the total number of potential transitions off and on welfare, 
which is equal to sixty, one for each month of the survey. 

The remaining variables were constructed from the basic data 
provided in the survey: 

W , the»e3q)ected hojurly market wage facing the household head. 

This wage is imputed on the, basis of a regression of wiages on 

' personal characteristics from the 1967 Survey of Economic 

> 'J 
Opportunity, ^d adjusted for the employee component of the 

payroll tax .and the individual income tax. The independent^ 
variables in the wage equation include age, sex, race, ''educa- 
tion, location, union membership, health and interactions 
azaong these variables. The procedure is discussed in more 
detail in Boskin [l97U or Hall [1973]. The wage' is also 
used in the form^of a -^series of dtumny variables representing 
wage categories J[see the discussion %n Section k). 
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U , the expected duration (in weeks) of unemployment facing the 

head of the household. This is imputed in a mannei" analogoxis . 
to W, and is also discussed in Boskin [197^] or Hall [1973]. 
Again, unemployment is sometimes entered categorically, 
rather than continxxously, 

NVFy, non-wage income, encompasses income from sources other than 
earnings, including imputed income (at 12%) to consumer 
dur^-bles; sometimes entered as a dummy variable dividing the 
sample at the mean non-wage income. 

A , a dummy variable taking the value one when the head of the 
household is twenty-two years old or under as .of the start 
of the survey. 

H , a dummy variable taking the v^uLue one when the head of the 
household reported that an adverse health condition affected 
employability as of the start' of the stirvey. 

PS , a dimmiy variable taking the value one if a child of pre- 
school age, five years old or under, was present in the 
household for at least three of the five years of the study. 

It is instructive to examine the frequency distribution of the 

* 

number of times individuals came onto welfare (which either equals, 'or 
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exceeds by one, the number of times they went off) during the period. 
Presented in Table 1 below, these figures quickly dispel a popular • 
misconception about welfare: that the population is rather firmly 
entrenched in a permanent welfare dependency status. Indeed, we note 
that only seventeen percent of this sample remained on welfare for the 
entire period. Fully twenty-seven percent went off and came back on 
again during' the period. Conlbined with a median duration of the total 
time Ob welfare during the period of just fourteen months, we may infer 
that the popular conception is badly mistaken: there is an enormous 
turnover in the AFDC rolls; the flow of people over even a period as 
Short as fixe years is much larger than' the stock at any point ijh time, 
aj|ad many families remstin on welfare for comparatively short periods; 
^Shese phen^^eiMt^are anlayzed in more detail below. 

Table 1 

' • ■ f ■ 

Distribution of Number of Times Came on Welfare ' 

% Time on Welfare-. 



Number of Times 
1 

2 

3 or more 



% of 'Sample 



73 
20 
• 7 



37 
hi 
50 



/ 



1». Empirical Results 

Our empirical results reveal some extremely interestirtg insights 
into welfare turnover emd dependency. We shall present our results in 
^veral stages. First, we present the maximum likelihbod estimates of 
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the 'logistic regression of the probabilities of leaving etiter,ing • 
welfare status as functions of a variety of economic -a]:id' demographic ^ 



variables,-^ Second, we use these results to derivfe pirediqted valyfeg ^ , i i . 

^ ^ * • \ , . v/- ; 

and standeurd errors of the transition probabilities for representative ^ 
persons with specified cheuracteristics. Finally, we present estimatea 
of the predicted duration on and off welfare (each time a trtoflltioxj/is 
made) for the same individuals. 

* * • -'^ . -■■ 

The logistic regressions were run with the variables in contiriubus*^^ ' ' 
and categorical form- We report" in Table 2 the re&i^lts in the c^egopi-r » \ 
c8lL form, 6is they are more revealing.— ^ ^ " 



T&e estimated coefficients all have the expected sign, * • 
. . ' -\ 

The most striking, auad most important, result is that persons^ 

- ^"T^^ ^ ^ I ' 

facing ab expected market wage rate below the minimum wage are much. J \ ^ 

^ ■ . • . ■ 

less likely to leave welfare and mfuch more likely to return to welfare : 
than persons with a wage larger than the minimum wage. When entered, - . ^ 
continuously, the- wage variableNrorked in 'the* same, directions bui; not as . 
decisively. Dividing up the above the minimum wage group into narrower ^ ^ . ^ 
groups failed to produce any evidence of differential wage effects ' 

above the minimum wage. This result, of course, is consistent w^th a 

■ • . . - ■ . - ■ , : •.; 

basic propositic^n of economic theory: the minimum wage tends, to pre- ' ' • ^; 

, - • 

elude workers with a^^j^alue of marginal product less than the minimum 
from employment in the market (see the classic discussion by Stigler 
[191*6] and the excellent analysis by Welch [197?]). -7^*^' /' ' 

Individuals with an expected duration of unemployment of less 
than two weeks tend J^o leave welfare mfifre readily than those with 

• " * 40, .1 ' '. 
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• Table 2 
\ - ~ 

a 

^ Transition Probability Regressions 

(leave (return to 

, welfare) welfare) 

Variable 6 y 



Constant 1 -2.819 " -S.kgC 

' (0.082) • (0.077). 

Non-white • -0.790 0.51'5 

(0.123) (0.135) 



Wage < minimum wage -0.500 0.366 

(0.08U) (0.099) 

Expected uneraploymerit < 2 wlr/yr 0.237 

(O.O9U) 

K6n-wage income > mean 0.232 

■; .Co. 138) 

^ Dummy variables for age less than twenty-three, unskilled occupation, 

presence of a pre-school child, and adverse health affecting employa- 

: bility were included in preliminary regressions. The ^^imated^coeffi- 

<> 

cl^nts of these variables were all small and were n?>1; measured pre- 
_ cisely enough to.be considered different from- zero using the usual test. 

.The likelihood ratio test that all the coefficients of these omitted vari- 
' ables are zero yielded a statistic of I6.O, which is less 

than the' 5% critical value of x (lO) = 18.3; hence we accept the 
hypothesis. • * 

^Standard errors in parentheses are from th$ estimated information matrix. 
Convergence was achieved in seven iteration s . 
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. expected \memployi6ent greater than two weeks per y^ar. While there ^ 
are several factqrsSia^ruencing the range over 'which unemployment 
insurance and welfare ^oo^lement,, or substitute for, each other, these 
resia^ts are consistent with thelview t^at, ceteria paribus , a lower- 
search cost for employment tends to induce persons out of welfare into 
the market. • ' . . 

Persons with a non-wage income greater than the mean tend ^to * 

11/ 

have a higher probability 6i" leaving than those below. the mean.— ^ To 

^* * ^ 

the extent that J<^ seaf-ch requires some financing out of the poteiltial 
worker* s own.resqtircfes , this result is a^ expected/ There is, of • 
course, the counter effect of leisure — or Work in the' home — being a nor- 

mai- good with a'.poaitl!ve incqme effecV.'.' i!he. net result we' fii^d su^orts 

.* * ' * * " 

(very weakly) the. vieiftr that the former effect 'dominates Ihe.latliex. 

-We find' no evidence of a nonrwage income effect on. th6 probability of 

^ * • • '•. . * ' 

re-.entering '.welfare. . . ^ : 

: \ - , Z'"^*^ ' , ' . 

We note also'that nonwhites have a lower .probability -o* leaving 
welfare.^'dnd a higher probability of returning tha^^vhites, cfeteris ' 
paribus . — ^ ' * • • - ' ' 



' ' •*"• -ire also' not^. that the criteria, upgn which welfare xecipients*^ 
ape ekepq^t' ;trpm reigisterin^ f?br ,tfae- recently-enacted work incentive ^ 
prpgram ,( WIN )--'i>rimari,ly. afiL^^jerse' health or a^prer^cbool age dependent-- 
do iiot 'a]^ekr! to* .1;^^^ any: noticeable effect Ion the probability of 

aeayin^- or re-ent,ering. welfare*. - Th^^e j^esults which are'>riefly 

•summarized in tlie footnote to Ta*ble''2.^ are available in- detfiii from the 

va;uthoriB^ - * . • , , = . 



Table 3 presents point ^estimates and estimated standard errors ' 

of the probability of moving on or off welfare-in any given month, and 

the steady-state probability of being on welfare for individuals -with 

13/ 

different characteristics.— Ifhe estimates ar.e quite precise. The 
estimated monthly probabilities of cleaving welfare jrax^e from about 
two to nine percent. The estimated monthly probabilities of returning 
range,^ from .about three to s.^ven percent. The estimated steady-state 
probabilities, of being on welfai'e in any period range from about twenty- 
five to eighty-one percent.-^ The rapge orf all three estimates is thus 
qiiite substantial. . ^ ^ . » 

A& expected, given the results'* reported in Table 2, nonwhi1;es , 

/•facing a wage le^sHhto^the Mnimum* wage, ^n ^eaqsfipt^-duratioa^of unemp- 

' . ; ^ ^ * ^ * '""'"^ 

loymeht greater than twq t^^eeks^ .with a npnVage ^income less than the mean, 

have, the lowest estimate^ probability pf leaving, and the highest esti- 

^mated -probability ,o,f returning to, welfare r These resiolts combine to 

predict a steady-estate probability' of. being on welfare of over eighty 

»percfent. the b:bher' extreme, whites, with wages above the minimum, 

non-wage income abdVe the. mean' and eiqpected unemployment below two 

weeks have. the highest • estimated probability of leaving welfare, 6.7%^ 

and the, lowest e8t4mated probability of 'returning, 2.9^; these data 

combine to predict ^a steady-state probability of being on welfare of 25. 2^; 

'The Qtiier^ ^oups have .eatimited pr0babilitieB between these two extremes. 

We see that the .pj*obability of leaving welfare increased, the probability 

pfVeturning^ falls, and the steady-state probability of being on welfare 
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Table 3 



Monthly Transltio?i Pi^obabilitles^ • ' ,* * 

» . . ' , . Apprt)xiin&te 

. ; ^ ' ' / . • / I^obability ' 

^, ot Ming on 

: ^ > Probability. . ^ • Probability • ^^"""^^ 

. .\of^^aving ' J ofEiterini' . Tliji© . T. for 

Group . i yslribe^CHyy : ^Welfar'e (a)'- .' Letfke -T;'" ; 

c • ' ' t . ' ^ ''(lii percent)*- ^(in perefeit) (in percent) 

' Wage < $1.60 - . ' . '\ . 

White \ ' ■ , ■ . ^ •„ * 

Expected Uneiapioyraetit * ' ^ • . ^ . . . - ^ /* 

< '2 weeks/year; • ; • . , • . ^ ' ; • ' * ' 

^ Npn-Wage Income '< Me^ ' ' / ^8.8U 

^: ■ ^ * ' . . 1.257) - ' ri.2iS) ' (2.21)' • 

Non-Wage Income ^ Mean ' ^.ki ' U*19 , " /l*3v36 

^ ' ^ • (.TL8-) \ ^ (.278) • . (3.6l) : 

Expected Unemployment ' ' 

" : , > 2 veeks/year" > , • ' \ ^ < , ; 

• • . *Non-Wage Income < Mean 3.1*9 ,l*.Jt9 ' ' 5l*.51 

■ ' ' (.331) ^ (.'278V . ' C2.87) 

• ' • . , ^ ^ ■ ..r ^. \- 

i Non-Wage Income, > Mean*^ .U.37* • '* k.i9' . ' kdC95 ' 

^ ^ (-^^^^ ■ . '''(-278)^ ^ (li.ll;) 

^Npnwhite' ; ' * ' - ** ^ ' <- , v 

Exgectei Un^mploynfe^t « *•* ^ • . *^ ' 

. < 2. vigeks/yeai;* ^ ' : / ' . • • . 

, NQDrWage Indpme < Mean ? 2:6U. - * *'6'.82' * 76.98 
^ . " ^ 'A 't^63)^ . ,(.8T6; T3.22) 

'Son-Wage, income > Meln ' . \;2'.56' ; • ; "^-6.82- ' 72;71v * 

. V • ' ^ " ' , , \ , v\ . . 

Eaqpected Unenfploymeni, " \' ' ' \. 

>' 2 veeics/year^. ^ ^ < . ' ' * . • ' " ' ^ ' ' . " 

. • ' . Non-Wa|fe Inc6me: ^ Me&.'^ '^i;6l '* \.'"'6.82 . ^•'\80.81*' 

^ / \ '(;l98)' ^ :"' <^876> - . (6.75} ^'^l 

' • .Nottrflage^' Income >.Mqan - . 2.03 ' ^ , . 6.^82 -' ^ ^•77.06 * \ 

' ^ ^ -.(/s^t) • ^.«T6) / .(3.85)... ''; 
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Table 3 (continued) 



Group 

Wage.> $1.60 



Probability 
of Leaving 
Welfaire (a) 
Cin peroentO 



Probability 
of Entering 
. Welfare (S) 
' (in percent) 



White 



Expe^'ted Unemployment • * . . • . 

• . < 2 veeks^iy^, , ^ 

Non-Wage InCome < Mean - . T^3 

• . ' \' \V('.iao); 

Non-rWage tncoine ' ^ Meaq ' ''. 8^ 71 * ; " 

Expected Unemployment.- - n- * 
> 2 veeks/ye'ar ' ' < *< 

Non-Wage- Income <-M6ar{J-/ 5»63 

Non-Wage Income* >: l^eah-' 'vt^OQ ' . 

. ' . : • ■ ; v>r.-,:; t:96?}' ■ 

Nonvhite \ / , * \. • ^- , . . • 
, E^^pected^Uixengplo^^ent^ , \ . - 

, < 2^veek^/yea!rr''**-v ; ; ^^ \ ' \ ^ ' ' 
viKoiirW&ge' Income* < He§n/ . . 3.32' 

. ^ A:-. / "^^^:;::^'(.i*33) 

^ , Non-Wage'- Incolnfe >> * Meair- . U . 15 . r * 

. ;^- '*Expec^(^<J Onempl6ymeat, ' -i", . ; • ' \ 

• ^ 2**:yeeks^^yeer./ , ' . : ' ? 

^Jon'i Wagl.- Income vr'Mean ..2/-6i|* *i 



•Approximate 
Probability 
of Being on 
Welfare ai 
Time T; fdr 
Large T . 
(in perceTit) 



^ JJoA-Wafe^ tlnbome > Mean '* .3.3i . 



2.9I1 ' 
(.691) 



K69i)V':, 
' (.691) .; 



U588) 

u:83,-*. 



29.50 • 
.»-(5.09) 

25,25 
.(5.07) 



.(5.59) 

29": ?8 
(-5.68) 



59,28 
{1»:31) 

'53.-79 
(5.35) 



6U.68 
■f3.73) 

59.'»tl 
(U.92) 



^ ^^landardi-'^eryors 'in. Jiarentheses 'are for the estimated ^xp^ctjed values 
'tad aVe calculated usigg tl^e;' asymptotic distribution theory developed in 

-fehe.- Appendix • - . " ■ ' ' 

' > ... - ' • , - \ 

Ohfe nirtus these eiitries yield point estimate^, qf^ the approxijmate proha- 
bXl'ity .bf'_ bWin^ off 'velfare at T, fon large /t. \ '■ , ; 
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falls as we move from nonwhites J;o whites, below the minimuia v«ge 
to al)Ove', more than two weeks of exp'ected unemployment to less, and 
less than the mean nonwage income to more. 

Table presents estimates of the expected duradiion of stay on 
* and off welfare (each time a transition to that state is made) for 
the same groups of individixauLs • * Since expected duration in a state is 
"given by the reciproc€LL of the probability of leaving that state, the 
results follow closely those reported above, 'ihe estimated expected 
.duration on welfeure (each time on welfare) ranges from about eleven 
mc&ths to over sixty months. - the estimated expected duration off 
welfare (each time a person .comes off) ranges from about fifteen 



months to about thirty-four months'. As we by now expect, expected 
deration on welfare is higher for nonwhites than whites, for persons 
'facing wages below the minimum than above, for persons facing expected 
unemployment greater than two weeks per year than for less, and for 
persons with non-wage income less than the mean compared to those with 
more. The expected duration off welfare, once off, is larger for whites 
thari nonwhites, and for those with wages above the minimum than below* 

5r Conclusion . ' 

We have apalyzed a new ,l)pdy -pf longitudinal da^a on welfare 
•recipients in order to gain some insight into turnover in the welfare 
population. In doing so, we developed a statistical model of transition 
among discrete states which is potentially applicable to many economic 
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Expected Duration in Months of Stay on Welfeure' 



Wage < $1.60 

White ' 

Expected Uneniployment 
< 2 weeks/year 

Non-Weige Income < Mean 



Non-Wage Income > Mean 



Expected Duration 
On Welfeure Per 
Time On Welfare 
(l/g) 



22.80 . 
(1.335) 

18.28 
(2.398) 



Expected Duration 
Off Welfare Per 
Time Off Welfare 
(1/B) 



23.88 
(-1.586) 

23.88 
(1.586) 



Expected Unemployment 
> 2 weeks/yeeur 
— R^i-Vagfr Income < Me&n 



Non-Wage Jncome > Mean 



28.62 
(2.712) 

22. 89 
{3.U75) 



23.88 
(1.586) 

23.88 
(1.586) 



Nonwhite ' • 

Expected Unemployment " 
< 2 weeks /yeeur 

Non-Wage income < Mean 



Non-Wage Income > Mean 



U9.0U 
(6.323) 

39.07 
(7.OOU) 



1U.67 
(1.883) 

1U.67 
(1.883) 



Expected unemployment 
> 2 weeks /yeeur 

Non-Wage Income < Mean 



Non-Wage Income > Mean! 



61.86 
(7.618) 

U9.23 

(8.682) \ 



lU.'67 
(1.883) 

lU.67 
(1.863) 



4 
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Table k ( continued )- 



Wage > $1.60 
White 

Expected Uneoployoent 
< 2 weeks /yeeur 
Non-Waige Income < Mean 



Non-Wsige Income > Mean 



Expected Duration 
On Welfare Per 
Time On Welfare 

(i/g) 



Ik. 22 
(0.971) 

11. U8 
(1.U96)" 



Expected Duration 
Off Welfare Per 
Time Off Welfare 

(1/g) 



33.98 
(7.995) 

33.98 
(7.995) 



Expected Unemployment 
> 2 weeks /yeeur 
Non-Wage Income < Mean 



Non-Wage Income > Mean 



17.75 
(I.U12) 

lit. 28 
(1.977) 



33.98 
(7.995) 

33.98 
(7.995.) 



Expected Unemployment 
"< 2 weeks /yeeur 
~,Non-Wage Income < Meem 



Non-Wage Income > Mean 



30.ll* 
(3.936) 

2l».10 
(1».280)' 



^0.70 
(2.526) 

20.70 
(2. 526)' 



Expected UnenijJloyment 
> 2 weeks /ye6r 
Non-Wage Income < Mean' 



Non-Wage Incollie > Meeui 



37.9? " 
(l».105) 

3«. 22 

(i».939)' 



20.70- 
(2.526) 

20.70 
(2.526) 



^Stanj^ard errors in parentheses sure for the estimated 
emd are calculated using the 6,sjanptotic distribution 
in Section 3. 



expected values, 
theory 'developed 



=n=42- 

phen<aaena»— ^ We have discovered that the ^popular notion of the welfare 
popidation as more or iWs permanently entrenched on welfare is eVron- 
eousT An enormous amount of turnover occxxrs in the welfare population 
and the average dviration of time on welfar^ once on welfare is relatively 
modest ♦ — 

In analyzing the probabilit-ie s of l eaving, and returning to, 
welfare oxir main substantive conclusion is that persons facing a wage 
below the minimum wage are much less likely to leave welfare, much more 

likely to retxirn, stay off welfare for shorter periods, stay on welfare 

ji / 
for longer periods, and are mudh more likely to be on welfare in the 

steady stlate^^ji&an tljose facing wages above the minimum vage* 

We have also found that non-wage income,^ expected unemployment 

and race affect welfare dependency status in a manner consistent with 

economic theory and anectdotal evidence^.* 
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APPENDIX 



Maximum Likelihood Estimators of Transition Probabilities and 
^ Related Statistics 



For each individual s, we observe T,., the number of times indi- 



vidual s made a transition from state "-i to state -j, i,j = 1,2. 

/ 

We now develop the maximum likelihood estimates of e and 



The probability associated with any given individual's set of T^. is 



[fO'x J] ^^[1. f(r'z )] ^^•[f(r'z )] 

s s s 



21 



where ^(^^i >Ti2 *^2i '^22^ ^ function which does not depend ^n or 
18/ 

r. — We lassume the individuals move independently so that the probabi- 
lity of th^ whole set of observations on S individuals is proportional 
to ' . 



S r ] ' 

n <[i-f(0'x J] ^^[f{0'xj] ^^■[i-f{r'z )] ^^[f(r'z )] 



Hence the log of the likelihood function is 



m ;<:{0,r|T^^,Tj2'T2i.T^2» ^ = l,--.is) = k + [ {T^^ln [l-f(0'Xj] 



s=l 



ll"" 



+Tyn [f(0'Xj]+T22ln [l-f{r'Zg)]+T2^1n [f{r'Zg)]} . * 
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.... ^ ^ 



The 



first partial ^aeriyatives of In ^ are^ 



ain Z ^ V r«s 



i s=l 



3in i5 V rmS 



1 S-1, 



J = l,.^.,p . 



The maxiifiuiirllkelihood estimators, denoted 0* = [e^,...,ej^] and 

A A A 

r* = [Yt,«»»,Y ]> fi^e obtained by equating these first peurtial deriva- 
1 p . - 

. tives to zero and solving for the 0^'s and Yj*^* Because these 
• equations are nonlinealr in the parameters, we chose the Newton-Raphson 
iterative method of solution. Ciis method uses the matrix of second 
partial dervatives of In ^ which we denote [^^^1* * ^® (K+P) 



elements cjj? i^* defined as: 

1 J 



If 



1 J S— 1 ' 

*5 , 1 J 3=1 J^- 

• i,J = 1,..'.,P . • 

Note that [m^ J is block diagonal. Hence, we, can estimate" e and r 
separately, simplifying th^ estimation procedure and saving computation 
time. / ' . t ' ' ** , 



DiBtributiona of the Estimators and Related- Statistics 

The log of the likelihood function is a well-behaved function of 
the unlmown peurameters, £ind to shov that the conditions are met for 
the maximum likelihood estimators derived above to be B.A.N. (Best 



Asymptotically Normsil) is relatively easy. 



Hence i letting' 



0 



we have 



where N( , )\ denotes the multivariate normal distribution and 0 ' is 
a' (K+P)5<1 vector. of zeros. Note that we assume S « for the asymp- 
totic distribution theory. Evaluation of I(i^), which is xisually called 
the Fisher informatibn matrix\ requires evaluation of ^T? ; i,J - 1,2. 
As in Section 2 we mUst take account of \he initial conditions as well 
as how the data were 'collected. Using techniques similar to those emp- 
loyed .in Section*^, we' have for s = 1,...*,S: 



a-(l-o„) T . 



S 3 
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-d-e )a • a (e -1) 

s s 

s s '*'Po) 
s s 



s s 



8 8 



Where = 1-a -3 . To obtain the estimate of the variance coavariance 

S S S , 

"matrix of we need only ceLLculate l" The elements of this 

matrix will "be close to the elements of "tm^j which is generated 

at the last iteration of the Newton-Raphson method. 

We are also interested in the distribution of functions of the 
elements of We have indicated above that ifr is a B.AiN. estimator 
of If is a function whose first partial derivatives with 

respect to the elements of exist,, then 

'^(gC*) - g(*)) ■> N(0 D'(*)I '•(*)D (*)) 

where *= [3g(<J/)/3ej^,.. . ^g(<|»j/39j^,3g(<|»)/3Y3^ 3gU)/3Yp]. Thus, 

^ ' • 20/ ^ * ' ' 

g(ij;) is a B.AiN. estimator, of g(4^). — ^ ♦ 

We ai:e specifically interested in six functions of the^elements 

of >: a^, a"-"-, 3 , e"-"-, 3 (a +3 •)'\ and a (a +p )"■'•; We derive 
s-.s s s .s.ss sss 

estimates of these functions by substituting the elements of for 
their unknown counterparts. The -result above appfiies, and we obtain 
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the following asymptotic distributions, s = 1,... ,S: 



V^(a -a ) N 
s s 



,-1/ 



\ 



s 



1 a +B 
a +B s s 
s s 



Noaa(0,f)xi b(e,r)zMr-'(ip) 

s s 

\ 



a(0,r)Xg 

b(0,r)z^ 



where Og is a P5<1 vector' of zeros. 



i(e,r\ = 



•[1+exp (r'Zg)]exp (0'Xg+r'Zg) 



[exE (0'Xg)+exp (l^'Zg)+2exp (0' X^+r' Z^) ]' 



b(0,r) = 



[l+exp (0'Xg)]exp (0'Xg+r'Zg)- 

[exp (0'X )+pxp (r'Zj+2exp (0'X-+r'Z )]' 

s s s s 



" ^-1 

Results parallel to those given above hold for 6^, 6^ and 
a (<?g+Bg)~"^> mutatis mutandi . Numerical values for the variances of the 
.estimated functions are obtained- by evaluating the theoretical asymp- 
totic variances at the maximum likelihood estimates. Again note 
that the limit is taken on S. . ^ 
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Footnotes 



The basic model for studying the allocation of time to different 
activities is by now so familiar as to render it jrepetit;^otiS to 
present it her^e^ — Utility maximization subject .^o a budget con- 
straint on full income (and perhaps bome production relationships) 

produces demand functions for, the use of time in different ac^i- 

vities which depend upon wage rates and nonwage income. These 
variables will play an important role in i^he empirical anlaysis 
presented below. 
» 

We are forced to adopt this convention because of the method of ' „ 
data collection (see the discussion in Section -3). ;ln principle, 
of course, weVould prefer to adopt a more general model and test 
the assumption of stationarity. - 

This^^rst-order assinnption might a lso be relax ed with a richer 
body of data. 

An alternative model which divides the sample into two groups — 
^those_who would neve)r make a transition regardless of the stimulu^ 
tst^rs) and .those whpse transition probabili-ties follow a first- 
order stationary Markov process — has been suggested by Blumen et. 
al. [1955], developed 'Statistically by Goodman [1961] and applied 
to the interesting case of transition in and out of p'overty status 
-by-McCall [1971 ]. It is wo r thwhile b o th to ex amine our data, and 
to point out a potential problem with the intei^pretation of our 
results, in light of the mover-stayer approach. 

First, we have divided our sample into groups based on the eight 
dichotomous variables reported in Table 2 and followed the procedure 
suggested by Goodman '{1961] to test the hypothesis that the propor- 
tion of stayers in each group is- zero. We rejected this hypothesis 
for eighteen percent of the groups; a strict interpretation of the 

mover-Btayer model would sugge at that we had about eight percent 

stayers in our sample. However, the test is an asymptotic one, and 
the length of time involved (five years) is short relative to ,the 
time spanned by many economic decisions (fertility and marriage, 
divorce and remarriage). ' The eicht percen^ can only be inte?T>reted 
as an upper bound on the propoi-Kfon of stayers. For example, we ^ 
note that roughly ten percent of those individuals^ on welfare for 
the first fifty-five months of the sample period left on or before 
the sixtieth month. It would be surprising if thi^s exodus from 
AFDC would suddenly cease aft er~mon^h' Sixty. Thus, the eight 
percent .of- our sample suspected of being stayers probably contain a 
substantial number of movers. Further, the suspected stayers are 
jgpread rather evenly across the sixteen groups reported in Tables 
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* . 3 and Hence, thfe estimated transition probabilities look very 

similar for the whole sample aW for the ^aiimple pi^r^ed of suspected - ^ 
. '^stayers. ^1 of these results arfe available Crom the authors u^Jon 
request. . ' - ' ' . 

: Second, if indeed there is .a proportion of the popiil^tion who are " 

tpil^stayers in welfare' status , pur sampling procedure^ e:(amining ^ ^ 
data fob families which came onto welfai^e in I965 — may systemati- ; 
ll cally exclude such Stayers; 'sinq*^ th^^^ neve|phave a chance 'to come^ 
on in 1965 if they have been on ^elf^e continuously since scpe pre-* / 
vious date. We are thus ^amplin^^ocj a population depleted of 
stayers. Since at least seventj^^Mnt of the current Cali^ojnia welfare 
population entered (or re-entere^;^;w^fare from 1965 to the present, 
o\ir 'model at worst would be inaJ>pr:S]^iate for whatever proportion 
of the, at most, thirty percent of the current welfare population 
which was silready on welfare in 19^1* are truly stayers. This obje^ 
t ion should be noted in irnterpreting our. results. We .may only be 
' describing turnover in the new additions (sinc« 1965) to welfare — 
although these* do make up the overwhelming majority of welfare 
recipients. 

While our data can shed no direct light on the pre-196^roup, one 
indirect inference is possible. While the mover-stayer model 
— would predict depletion-of the pool of potential stayers by 1965, 
each newly eligible 8(ge cohort would contain some potential .^stayers. 
Our results, however^ suggest that the estimated B^oport ion of sus- 
pected stayers and the transition probabilities are very similar 
for our sample of welfare recipients above and below twenty-three 
years of age. -^^j^ 

The net^effect cf the above reasoning is-to lead us Ho consiider the 
mover- stayer model unnecessary for our sample, but to interpret 
our results cautiously as perhaps applying only to the seventy (or 
more) percent of welfare recipients entering welfare since I965. 

2/ The approach of making the transition probabilities a function of 
personcLl characteristics has been used successfully in several pre- 
vious studies of labor market phenomena. iSee Hall [1973] and 
McCall [1971] for two interesting applications. Also see the classic 
study by Orcutt, et, al> [1961]. 

6/ The 'original dkta contained 653 observations. We ^eliminatid the> 
observations for families with missing information and alscKfojyrhe 
few families eligible under the unemployed father program. Hence, 
our data refer to female headed households (the overwhelming majority 
of the welfare caseload) only. 

7/ Since our sample includes only persons who bave been on welfare for 
"~ at least one mojith, our results must be interpreted as conditional 
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upon that fact. We do not estimate the probability 'that someone ' 
who has never been on welfare will eventually come on aid. iFujrther; 
recall the proviso of footnote h. - ' , 

0/ The continuous results tended to look very much like the cat^gori-* 
cal results. Since the latter impose less a priori stru9tufe and 
allow the data to play a greater role in determining the results, * 
we eschew any attempt to report the former. Thjsy are available- 
ttpon request from the authors. , ■ 

^ The most likely explanation for leaving welfare, other than ^ ^ 
obtaining employment, is marriage, remarriage or oth^r alliance 
with an employed male. Om results are consistent with ^he notion 
that low~wage women are less valuable marriage partners than Jii^- • 
wage women and hence have a lower probability of forming such- an 
alliance. 

»* 

10/ Since there was a general increase in wage rates throughout this 
Period, a few workers with wages below the minimum in I965 miy. 
"^ave been above the minimum by 1970. Further the coverage of the, 
minimum wage, and its level, were extended Slightly ^during the. ' 
period. Average welfare payments and consumer prices also 
increased. The net effect of these considerations is probably to 
lead us to underestimate the wage effect on transition probabili- , 
ties. However, examination of the time patterff of leaving welfare 
(for those who left and never came back—the only group about whom 
we can infer this information) and of -the group with wages between 
the old and new minimum provides no evidence that this effecl is 
quantitatively important for our sample. 

Ill/ This variable passes the one-tailed test at the 5% level marginally. 

12/ Several interactions of the race and other variables were tried, 
but none produced any evidence of integration effects. 

13/ Recall that we are invoking asymptotic distribution theory. 

lU/ Recall the proviso of footnotes h and 7. ^ ' , 

1$/ When a first-order discrete time stationary Markov process is a 
reasonable assumption. See footnotes 2 and 3. 

16/ Recall ^the proviso about our sample noted in footnotes 1* and 7. 

17/ The ve^^drs 9, and T can also ba estimated in other ways. The 
best alternative to the maximum likelihood method is Berkson's 
minimum logit chi-squared method. (See Chapter 3 of Cox [1970].) , 
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tfe decided to employ thq 'mEbcimum:\likelihood me£hod despite higher^ 
eomputation costs and the' asymptotit: equivalence of the -estimators 
because the large number of/extreme observations^ in our saaiple ' 
voTild force adoption of « rather Bd hoc cprrectives were ve to use » 
Berkson's method. ^ ^ ' ' 

18/ See P. Billings] ey [1961, p. 13] or Anderson and Goodman [1957, 

P- 91]. ^ ' ^ ■ ' 

!£/ See S. Zacks [1971, p. 2h^] for a concise statement of the condi- 
tions \inder vhich the maximum likelihood estimator is also B.A.N: . 

•20/ See S. Zacks [197I, p. 2U9] for a heuristic development of this « 
result. 
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